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Introduction. This set of experiments was suggested by a 
series of observations made by Koehler (2) in 1910 while he 
was investigating the motions of the tympanic membrane 
during auditory function. In the analysis of the photographic 
records of the vibrations secured by this method it was found 
that when the vowel 6 (fold) 2 was sung at about 500 vibrations, 
the form of the sound wave approached a pure sine curve. At 
about 200 vibrations the sound wave for 6 (fold) became 
very complex, but the partial corresponding to the frequency 
500 became prominent while the fundamental 200 almost en- 
tirely disappeared. This fact led Koehler to conclude that 
pure tones had an attribute or property which he designated 
as ' Vokalcharacter ' and that this attribute changed in quality 
at intervals of about an octave. Thus the ' Vokalcharacter ' of 
the tone 265 is u (soon), that of 526 is 6 (fold) and that of 
1066 is a (far). 

In going over Koehler's results in a limited way it was not 
possible to differentiate these vowels unequivocally. From 
his familiarity with the work of Meyer (5) the writer won- 
dered whether Koehler had not merely made a more intensive 
study of what Meyer had described as ' quality ' and which 

2 The designation of vowels will be in the Revised Scientific 
(National Education Association) Alphabet Key. For those un- 
familiar with this alphabet short English words in parentheses indicate 
the sound of the vowel. For reference to key see (i) in list of 
references. 
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was regarded as a continuous series ranging from the ' mellow- 
ness ' of the lowest tones to the ' shrillness ' of the highest 
tones with intermediate degrees of mellowness and shrillness 
for the intermediate vibration frequencies. 

Experiments were planned bearing on this question. One 
investigation aimed to determine the vowel character as judged 
by untrained or partially trained subjects to get some idea of 
the acuity of discrimination in general. The orientation 
seemed desirable so as to plan a second experiment using re- 
fined apparatus and specially trained subjects with an inten- 
sive technique. The experiment with the untrained subjects 
was started and finished while work on the intensive apparatus 
was progressing. The latter was brought to a stop by the war 
which made it impossible to secure the quality of tuning forks 
necessary for the work. The writer regrets that the intensive 
results as originally planned cannot be included in this study; 
but since there is no prospect of getting the forks and the 
apparatus within a reasonable time, the qualitative results are 
presented separately for the benefit of those who already have 
the facilities and interest for the quantitative aspect. 

Statement of the Problem. The experiments were designed 
to reveal the extent to which tuning fork tones resembled the 
vowels used in language. As a supplementary, phase of the 
experiment there was also opportunity for considering the 
terminological aspect of the psychology of audition. The 
teaching of the attributes or simplest discriminations in hear- 
ing presents considerable difficulty to students, a difficulty 
which is perhaps only due to ambiguous or unfamiliar termin- 
ology. The divergences between musical and psychological 
practices in describing auditory phenomena are so great that 
some investigators think it hopeless to try to reconcile them. 
Among acousticians themselves the situation is not much 
better. A random list of the terms used by various investi- 
gators to describe the attributes of audition are : pitch, quality, 
tonality, vocality, tone-color, intensity, duration, volume, 
brightness, extent, clearness and local signature. Does this 
list of a dozen terms mean that twelve attributes may be dis- 
criminated? No investigator would maintain this. Does any 
particular term (say quality) mean the same for all investi- 
gators ? Again the answer is negative. Indeed the pessimistic- 
ally inclined would maintain that any one of the dozen terms 
may mean any one of the other eleven. 

Surely if experts cannot agree, then to learn the opinion 
of the naive subject cannot add appreciably to the confusion. 
Whether the ability to detect a resemblance to vowels in fork 
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tones is best described by the term quality, vocality, tone-color, 
brightness, volume, or any other term, will be determined in 
part by the ease with which untrained subjects can consist- 
ently discriminate vowels. If more consistent results are 
secured when the subject is asked to discriminate the vowel 
character than when he is asked to discriminate the bright- 
ness, quality or tone-color, supposing these all refer to the 
same fundamental attribute, then obviously vowel character 
or vocality is much the better term to use. 

To test the value of a term, untrained subjects may often 
be used more effectively than trained subjects with special 
habits and prejudices toward a terminology developed under 
circumstances deviating very widely from the average class 
room conditions under which psychology is taught. Because 
of the lack of agreement on terminology no attempt will be 
made to determine whether the discriminations made by the 
subjects are attributive or cognitive in character. It is main- 
tained only that an habitual or practical method of discrimina- 
tion is demonstrated to the degree that there is consistency in 
the vowels that are assigned to the various fork tones. 

Since performing these experiments Meyer (4) has sug- 
gested the term vocality as a substitute for his earlier term 
quality and as a shortened form of vowel character. It is in 
this sense that we shall use the term vocality in this article. 
Titchener (8) seems disposed to adopt the term vocality in 
the sense in which Meyer suggests, but Titchener has retained 
the term volume which is regarded as an attribute independent 
of the vocality. Rich (10) regards pitch and volume as inde- 
pendent attributes, but does not indicate the relationship be- 
tween vocality and volume. 

Simply stated our problem is to determine how consist- 
ently relatively untrained subjects can discriminate vocality in 
tuning fork tones and what utility the term vocality has in 
describing a fundamental fact in audition. 

I. Experiment with Elementary Students 
Class Experiment 

A class experiment was given the last week in November^ 
1913 at Ohio State University to 150 students mostly fresh- 
men and sophomores taking the course in elementary psy- 
chology. 

Experimental Method. Ten Koenig tuning forks mounted 
on resonance boxes were placed at the front of the lecture 
room. The vibration rates of these forks were 128, 256, 320,. 
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384, 512, 640, 768, 896, 1024, 1152 double vibrations. The 
subjects were instructed as follows. 

Each fork will be sounded twice. The first time it is bowed merely 
listen, eyes closed, and form a provisional judgment as to which vowel in 
the English language the tone most nearly resembles. The second time 
the fork is sounded make a final judgment and record a short English word 
which contains the vowel sound. The list of vowels and words on the 
board are to be regarded as merely illustrative. They do not include all 
the vowel sounds in the language nor all that may be used in reporting the 
vowel character of the fork tones. 

The following is the list of vowels and words that was 
placed on the board : 

e as in feel, a as in sale o as in tone « as in moon, 
a as in far, oi as in boy, yu as in cure. 

The tones lasted about three seconds. The recording was 
done on a narrow strip of paper, beginning at the bottom. As 
soon as the word was written it was folded out of sight. The 
next word was placed on top of the folded portion and it in 
turn was folded down. In this way there was no copying or 
referring back to previous judgments. In the presentation 
high and low forks alternated indiscriminately. 

The term series as used in these experiments means a single 
presentation of each of the ten forks. A discrimination or 
judgment means that a fork tone has been sounded one or 
more times and that the subject has reacted to the tone by 
reporting, either orally or in writing, that vowel which in his 
opinion most nearly resembled the fork tone. 

While performing the experiment it was noticed that the 
reactions were delayed and hesitating. Judging from the 
facial expressions the discriminations were difficult to make 
during the earlier part of the experiment but toward the end 
the reactions were more prompt. 

After one week the experiment was repeated. This repeti- 
tion is designated Series B ; the original presentation as Series 
A. The second series was not expected by the students. The 
repetition was made to determine whether a second series 
would reveal greater uniformity and thus indicate some prac- 
tice effect. The method was the same as for Series A. The 
results of both series are recorded in Table I. To enable direct 
comparisons with the subsequent experiments in which the 
number of subjects and the number of series are different, all 
results have been converted into percentages. 
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TABLE I 

Class Experiment. Two Series 



First Series = A. 



Second Series = B. 



One hundred and fifty elementary students. The values in the table 
represent percentages. Thus the first value 48 means that for the fork 
128 in Series A, the vowel (soon) was reported in 48 per cent of the 150 
judgments. 



Forks 


128 


256 


320 


384 


512 


640 


768 


896 


1024 


1152 


Series 


A B 


A B 


A B 


A B 


A B 


A B 


A B 


A B 


A B 


A B 


u (soon) 


48 86 


10 18 


12 20 


8 16 


3 


6 


5 . 


10 


8 


2 


iu (cure) 


6 


10 


10 


4 


6 


11 


8 . 


8 


6 


5 


6 (fold) 


8 12 


14 34 


11 19 


8 34 


10 


7 


8 . 


6 


5 


7 


oi (boy) 


4 


7 


9 


10 


14 


10 


14 . 


8 


5 


8 


& (far) 


3 


4 12 


9 31 


9 43 


3 3 


4 2 


9 . 


5 


6 


6 




1 


3 


9 


15 


24 29 


22 25 


18 . 


14 33 


16 42 


18 31 


e (they) 
I (see) 
failed 


4 


22 34 


9 27 


14 7 


10 35 


7 20 


10 . 


14 34 


9 12 


12 13 


15 


15 


14 


15 


14 33 


14 50 


15 . 


17 33 


21 46 


18 53 


11 2 


15 2 


17 3 


17 


16 


19 3 


13 . 


18 


24 


24 3 



Last line 'failed' refers to the cases in which no judgment was given. 
Average failures for Series A — 17 per cent; Series B = 2 per cent. 
Average number of vowels assigned per fork: Series A — 8; Series B — 3. 
In Series B, fork 768 was not available. 



Table I. In Series A the failure to assign a vowel to the 
fork tones was nearly eight times as great as in Series B. The 
17 per cent failures in Series A are not excessive however. 
If the same subjects had been asked to discriminate between 
ten degrees of saturation in colors, irregularly and successively 
presented, the failures probably would have been greater. 
That the failures decreased to 2 per cent in Series B indicates 
a rapid increase in skill with practice. In Series A the forks 
128, 256, 512, 640 and 1024 have all of the eight vowels as- 
signed to them, but some one of the vowels was used in more 
than one-fifth of the total number of judgments. In Series B 
the average number of vowels per fork was only three and 
every fork except 320 has more than one-third of the judg- 
ments given to some one vowel. This again implies a rapid 
increase in the uniformity of the reactions. 

Nature of the Vowel Reaction. In Series A the percentage 
of I (see) for all the forks was unusually large. The experi- 
menter could not at first account for this fact. By bowing the 
forks gently the tones are so pure that no unpracticed sub- 
ject would detect overtones and since the percentage was 
practically the same for all the forks it did not seem likely 
that the difficulty was in the source of the sounds. 

It occurred to the experimenter that the subjects were not 
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only discriminating the particular vowel character of the tone 
but were also introducing an additional i (see) vowel because 
they did not pronounce the vowel character of the fork tone 
orally. If for instance a fork whose vowel character resem- 
bles 6 (fold) is sounded and an attempt is made to pronounce 
or sing the o silently, some consonant will be spontaneously 
supplied by the whispering and any vowel component of this 
consonant would be especially emphasized because of the in- 
structions to differentiate the vowel character. Thus if the 
consonant h is supplied to the o to make ho, the h would not 
be differentiated as h because of this emphasis on the vowel 
character. If h is regarded as a semi-vowel, its silent pro- 
nunciation would resemble the oral pronunciation of heee 
and this in connection with the emphasized vowel o would 
give heeeocfo. The heee would form a part of every fork tone 
and thus increase the frequency of the I (see) reaction for all 
the forks. 

To restrict the analysis to the vowel character only, the ex- 
perimenter, before Series B was given, called indirect atten- 
tion to the consonants by stating that the vowel character of 
the fork tones may often be more easily analyzed if the subject 
will add consonants to the vowel sounds as is done in language. 
Thus we have pop, ish, peep, ho, ah, chirp, etc. It was hoped 
that by indirectly introducing the consonants their effect would 
be abstracted from the discrimination of the vowel character. 
The device seems to have been successful since the anomalous 
I (see) distribution of Series A is absent in Series B. It was 
also pointed out that the sounds oi (boy) ai (fine), were not 
single vowels but diphthongs. This resulted in the elimination 
of oi (boy) and a restriction of ai (fine) to fewer forks. 

Curves of Table I. The relation between Series A and B 
with respect to uniformity is best indicated by the curves. 
Each of the ten forks is plotted separately for both series. 
The vowels given on the base line are in the same order for 
all the forks. 

If the vocality is independent of the vibration rates, the 
curves should approach the equation y = k as a limit, approxi- 
mately as is shown by the Series A curve for fork 320. Con- 
sidering the Series A curves as a whole however, they would 
not be classed with the horizontal line type of curve. Series 
B is still further removed from the straight line type and 
the curves begin to give evidence of having definite maxima 
which in general augment the maxima of Series A. The 
maxima are toward the left for the lower forks; nearer the 
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Elementary Students. Class Experiment. Values Taken from 
Table I. Each Fork Plotted Separately. Vertically Ordi- 
nate Represents per Cent. Vowels Indicated on Base 

Line 
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center for the intermediate forks ; and toward the right for the 
higher forks. 

The order of the vowels follows the series given by Koehler 
(3) : m, u, 6, a, e, i, the diphthongs not given by Koehler were 
interpolated. 

Flexibility of the Vowel Series. In brief supplementary 
experiments not reported in this article it was found that when 
the subject is asked to determine the vowel character of a 
series, he usually assigns u (soon) to the lower tones, and 
i (see) to the higher no matter what the range of the series 
may be. There seems to be a tendency to condense or expand 
the vocality series to conform to the vibration limits of the 
tones used in the particular experiment. 

If more intensive work will substantiate this it would mean 
that vocality is only partly dependent upon the absolute vibra- 
tions. Builders of musical instruments have adopted this 
partial dependence in the principle of 'voicing.' An organ 
builder may take two reeds both of 512 vibrations and voice 
one of them mellow and the other shrill, but he cannot voice 
the 512 reed so that it will be as mellow as a 128 or as shrill 
as one of 2048 vibrations. Similarity in voicing is restricted 
to a limit beyond which it is impossible to go. More space 
is devoted to this phenomenon under IX Discussion of 
Vocality. 

II. Experiment with Laboratory Students 
Individual Experiment 3 

To determine how the uniformity in vocality discrimination 
increases with subjects somewhat better trained in psycho- 
logical observation, twenty-five series similar to those given 
the elementary class were given to six students taking the 
course in experimental psychology and two instructors in the 
department. 

The ten forks were placed on a table in a room free from 
noise or other distractions and the subject sat about three feet 
away with his back to the forks. Before beginning, the na- 
ture of the experiment was explained and the subject in- 
structed as follows : 

The pure tone from the fork is to be analyzed as to its resemblance to 
the vowel sounds used in language. If a fork tone does not resemble any 

3 Mr. R. F. Bird, recently Fellow at the Carnegie Institute of 
Technology conducted the experiments with the laboratory students. 
His critical and painstaking tabulation of their data made it possible 
to add bis results to those of Experiments I and III. 
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vowel with which you are familiar, the vowel or combination of vowels 
which most closely approximates the tone is to be given. The fork tones 
will be repeated as often as desired to enable you to make a judgment. The 
series of vowels on the card which has been given you is not to be regarded 
as complete, but only as indicating some of the sounds. Any other vowels 
may be used. If a vowel character seems to resemble two vowels, this is 
to be indicated by giving both vowels. 

The following is the list of vowels and words that were 
placed on the card: 

m as in hum, a as in ball u as in cue, a as in sale, 

e as in feel, o as in tone, i as in high, a as in father, 

i as in sit. 

when the subject stated that the fork sounded equally like 
two vowels, as u-6 for instance, this was counted as one-half 
for each of the vowels. Such double vowels occurred in less 
than one per cent of the total number of discriminations, and 
since the number of possible vowel combinations is large, each 
combination occurred so few times that no attempt was made 
to tabulate them separately. The most frequent combination 
a-e occurred only fourteen times. 

Five series were given at a single sitting of about a half 
hour. The order of sounding the forks was varied for each 
series so the subject could not anticipate the next tone. The 
recording was done by the experimenter on previously pre- 
pared data sheets, the subject merely calling out the vowel 
and word. 

When the first five series had been finished for the six 
subjects, the results were tabulated and it was found that all 
the vowel sounds that had been given could be grouped under 
the following vowels : 

urn as in hum a as in sale o as in ball 

u as in cue i as in sit e as in met 

o as in hoe i as in high a as in cat 

a as in father e as in feel u as in full 

The eight vowels in the first two columns were placed on 
a new card. The four vowels in the last column were omitted 
because they had been reported in less than two per cent of 
the cases. The revised card was then used for the rest of 
the experiment and the subject was requested to restrict his 
judgment to the vowels given on the card unless none of 
these were adequate either singly or in combination to express 
the vocality. In justification of this restriction it was found 
that the first eight vowels were in common use by all subjects 
including those who made use of the four vowels omitted. 

During the early trials the subjects reported that the num- 
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ber of vowels at their disposal seemed too limited to describe 
all the fork effects. This difficulty was partly due to the un- 
equal emphasis on the intensity and duration. Thus e (set) 
e (they) are the same vowel differing only in length. A little 
practice however, soon enabled the subject to make due al- 
lowance for such variations but the more critical observers 
maintained to the last that when, for instance, two different 
forks were both reported to have the 6 (fold) character this 
did not mean that the two o's were the same. It implied only 
that the differences between the o's could not be described in 
a consistent and satisfactory manner. Under IX Discussion 
of Vocality, further consideration is given to this limitation in 
the vowel analysis of fork tones. 

TABLE II 

Eight Laboratory Students— Twenty-five Series for Each Subject — 

Total of 200 Discriminations for Each Fork— The Values in the 

Table Represent Percentages— Thus the First Value 55 

Means That for the Fork 128 the Vowel um (hum) was 

Reported in 55 Per Cent of the 200 Discriminations. 



Forks 


128 


256 


320 


384 


512 


640 


768 


896 


1024 


1152 


um (hum) 


55 


23 


12 


7 


1 


1 














iu (cure) 


28 


36 


31 


23 


21 


15 


10 


5 


4 


1 


6 (fold) 


14 


24 


31 


30 


30 


25 


10 


5 


4 


1 


5 (far) 


3 


14 


17 


20 


19 


16 


11 


7 


7 


2 


e (they) 





1 


4 


12 


17 


30 


39 


27 


13 


9 


I (see) 





2 


4 


6 


8 


8 


13 


24 


29 


30 


ai (fine) 








1 


2 


4 


5 


17 


32 


43 


57 



Table II. There are no failures since each subject was free 
to have the tone repeated until he was able to assign some 
vowel. The percentages of any fork when read from top to 
bottom, or for any vowel when read from left to right, form 
a much more uniform series than for Experiment I with the 
elementary students. While the maxima are not as high as 
for Series B in Table I the geometrical relations between the 
series are more clearly shown. The maxima begin at one end 
for the lower forks (55 for 128) passing toward the center 
for the intermediate forks (30 for 512) and ending at the 
other extreme for the higher forks (57 for 1152). 

The fork 640 seems to have two maxima, one at 6 (fold) 
and the other at e (they). This however does not interrupt 



176 



WEISS 
CURVES II 



Laboratory Students— Individual Experiment— Values Taken from 

Table II — Each Fork Plotted Separately— Vertical Ordinate 

Represents per Cent— Vowels Indicated on Base Line. 




v tn o ' s r t at u m o -s ? t ai 
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the progression except in a way that might be expected when 
the intermediate vowels are less clearly differentiated. 

Curves for Table II. The plan of plotting the curves is the 
same as for Curves I. The graph for fork 128 has its maxi- 
mum at the extreme left; for fork 1152 the maximum is at 
the extreme right ; and for the intermediate forks it approaches 
either the left or right according as their vibration rates ap- 
proach the upper or lower limits of the series. 

On the whole the curves show a much more orderly pro- 
gression than those for Experiment I. This would be ex- 
pected from the more extended practice of the subjects and 
the change in the order of the vowel progression. In Experi- 
ment II the diphthong ai (fine) is placed after instead of be- 
fore the vowel I (see) as in Experiment I. While phonetic- 
ally ai (fine) is a combination of a and I, yet since it ranks 
third in the order of frequency it seems probable that it is 
perceptually a unit for most subjects. However, the difficulty 
in placing this diphthong seems to indicate that there is a par- 
tial analysis. 

III. Experiment with Teachers of Deaf Children 
Class Experiment 

To determine how consistently the vocality of fork tones 
could be discriminated by subjects trained in the analysis of 
vowel sounds, a class experiment similar to that given in Ex- 
periment I was performed before thirty teachers of the State 
School for the Deaf 4 at Columbus, Ohio. These teachers 
taught oral speech to children of all degrees of deafness. To 
detect and correct speech errors in those who cannot hear their 
own voices requires special ability in the analysis of vowel 
character and this ability should manifest itself even though 
the vowel character of the fork tones varies so considerably 
from the vowels of actual speech that the teachers are unable 
to use their special training to its limit. 

The experimental method was practically the same as in 
Experiment I. Ten series were given instead of only one. 
The forks were not seen by the subjects. The tones were pre- 
sented at random, each fork being sounded twice, — the first 
tone for orientation, the second for final discrimination. The 
subjects were instructed to listen to the tone and then record 
a word, the vowel of which resembled the fork tone. If no 

* The writer takes this opportunity to thank Superintendent B. 
H. Jones for his interest and suggestions, and the teachers for their 
patience and conscientious effort during a trying hour. 
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vowel could be assigned nothing was to be recorded. Data 
sheets, ruled in squares with each square numbered were pro- 
vided. At the top of the sheet were given the vowels : 



urn as in hum, 
a as in sale, 



a as in father, o as in tone, 
i as in fine, u as in cute. 



a as in cat 



The subjects were to regard this list as merely illustrative. 
Vowels not in the list were to be used whenever necessary. 



TABLE III 

Thirty Teachers at the State School for the Deaf.— Ten Series- 
Total of 300 Discriminations for Each Fork— The Values of 
the Table Represent Percentages— Thus the First Value 
28 Means That for the Fork 128 the Vowel um (hum) was 
Reported in 28 Per Cent of the 300 Trials 



Forks 


128 


256 


320 


384 


512 


640 


768 


896 


1024 


1152 


urii (hum) 


28 


18 


17 


11 


5 


7 


3 


2 


3 


2 


iu (cure) 


16 


15 


18 


11 


9 


21 


14 


13 


10 


7 


au (now) 





3 


3 





1 

















5 (fold) 


10 


10 


11 


8 


10 


16 


5 


4 


2 





o (not) 


1 


2 


1 


2 


2 





2 


1 








a (far) 


29 


22 


21 


15 


11 


6 


11 


5 


5 


4 


a (fat) 


1 


1 


4 


6 


10 


3 


3 


3 


3 


3 


e (set) 





1 


1 


5 


7 


6 


4 


5 


6 


4 


e (they) 


2 


4 





10 


4 


8 


5 


7 


5 


6 


i (sit) 


2 


2 


1 


4 


5 


8 


20 


20 


17 


13 


I (see) 


1 


2 


6 


3 


7 


7 


11 


20 


30 


32 


ai (fine) 





2 


2 


1 


8 


4 


7 


8 


4 


11 


failed 


10 


18 


15 


24 


21 


14 


15 


12 


15 


18 



Average failures = 16 per cent. 

Table III. Perhaps the characteristic thing in the data of 
the teachers was the greater variety of vowels used, twelve 
as compared with eight for the Series A of the elementary 
students. The short vowels o (not), a (fat), e (set), i (sit), 
were used much more frequently than in the preceding experi- 
ments. The frequency of these short vowels is considerably 
less than of the long vowels, but there is clear evidence that 
the influence of the duration of the sound on the character of 
the vowel has been discriminated. This would be expected 
since the quantity of vowels is one of the important factors in 
teaching a non-hearing student to speak. 

The relatively large percentage of failures was due partly 
to the instructions not to record the instances in which it was 
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impossible to decide upon the vowels, and partly to the novelty 
of being subjects in an experiment. The university students 
were more familiar with class demonstrations and laboratory 
work and the impressiveness of the occasion did not sit so 

CURVES III 

Teachers of Deaf Children— Class Experiment— Thirty Subjects — 

Values Taken From Table III — Each Fork Plotted Separately 

—Vowels Which Have Been Combined are Shown Under 

Each Other 



V'i>»* in<UK o-fold a-far e-they i-sit T-see ai-fine 
au-now e-not e-set 
dt-fit 



ForK 640 




an ? > 
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heavily on their shoulders. Furthermore the attitude of ' try- 
ing to make a high score ' was not so successfully eliminated 
with the teachers and this always has an inhibiting effect on 
the reactions of more mature individuals. 

Curves III. To facilitate comparison with Experiments I 
and II the short vowels have been grouped with the cor- 
responding long ones. The shapes of the curves correspond 
in general with the curves of Experiment I. The high fre- 
quency for a (far) for the first five forks, seemed anomalous 
at first, but some of the teachers pointed out that this was the 
most ambiguous vowel of the series and where the discrimina- 
tion was difficult this vowel served the purpose of a general 
utility vowel better than any of the others. 

Considered as a whole the data may be regarded as com- 
plementary to the other experiments. It must be remembered 
that these teachers had not been trained for this particular 
type of discrimination. Their theories of vocalization, 
methods of teaching oral speech and past speech habits in- 
fluenced their reactions to the auditory percept of the fork 
tones. Considering these factors it is rather remarkable that 
the results are as uniform as we find them. If these teachers 
had been asked to discriminate the series of fork tones into 
twelve degrees of quality, brightness or volume, with as little 
preliminary instruction as they received in discriminating the 
vowel character, the experiment probably would have failed. 

IV. The Distribution of Vowels 

To determine the differences between the vowel groups, the 
results of all three experiments were combined so as to include 
all the vowels given in Tables I, II, III. Such a combination 
will approach the average ability in vocality discrimination 
that would be expected from those subjects who are likely 
either as students or as teachers to exhibit a detailed interest 
in audition because of its practical or esthetic significance and 
to whose needs auditory terminology should be adapted if 
there are no scientific limitations. Thus if the term vocality 
is adopted it should not be difficult to explain to a musician 
what is meant by the u-character of the lower end of the musi- 
cal scale or the I-character of the upper end. 

No attempt is made to allow for differences in training, age, 
sex, experimental method and the variable number of series. 
Weighting separate experiments no matter how cleverly done, 
can never be a substitute for a uniform method in a single ex- 
perimental plan. Yet since the aim is qualitative and the work 
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is regarded as preliminary to future intensive work, such a 
combination will give a conservative sketch that will help in 
developing a fruitful methodology. 

TABLE IV 



Percentage of 


Vowels Assigned 


to Each Fork When Discrimina- 


tions m Tables I, II, III are Combined 






Forks 


128 


256 


320 


384 


512 


640 


768 


896 


1024 


1152 


Rel.Fr. 


um (hum) 


26 


14 


11 


7 


2 


3 


1 


1 


1 


1 


7 


iu (cure) 


44 


25 


25 


17 


12 


16 


14 


10 


8 


5 


17 


au (now) 





1 


1 


























8 (fold) 


12 


21 


19 


21 


15 


16 


8 


4 


3 


2 


12 


oi (boy) 





1 


2 


2 


3 


2 


4 


2 


1 


2 


2 


o (not) 
a (far) 











1 








1 














13 


17 


21 


23 


13 


8 


11 


5 


5 


4 


12 


a (fat) 








2 


3 


4 


1 


2 


2 


1 


1 


2 


e(they) 


2 


14 


9 


12 


16 


18 


19 


20 


10 


10 


13 


e (set) 











2 


3 


2 


2 


2 


3 


1 


2 


i(sit) 











2 


3 


4 


12 


11 


10 


9 


5 


ai (fine) 





2 


3 


4 


14 


12 


12 


18 


24 


27 


12 


I (see) 


3 


5 


7 


6 


15 


18 


14 


25 


34 


38 


16 


Total. . . 


750 


726 


732 


698 


705 


721 


584 


730 


729 


709 





Total includes only the actual judgments. Percentages are derived 
from actual judgments made, failures not included. 

TABLE IVa 

Data of Table IV Grouped Into Vowel Classes 



Forks 


128 


256 


320 


384 


512 


640 


768 


896 


1024 


1152 


Rel. Fr. 


u-group 


70 


39 


36 


24 


14 


19 


15 


11 


9 


6 


24 


5-group 


12 


23 


22 


23 


18 


18 


12 


6 


4 


4 


14 


a-group 


13 


17 


23 


27 


17 


9 


14 


7 


6 


4 


14 


e-group 


2 


14 


9 


14 


19 


20 


21 


22 


13 


11 


15 


ai-group 





2 


3 


6 


17 


16 


24 


29 


34 


37 


17 


I-group 


3 


5 


7 


6 


15 


18 


14 


25 


34 


38 


16 



Tables IV and IVa. All the vowels that were assigned in 
any of the experiments are given in Table IV. The last line 
marked 'Total' indicates the actual number of judgments 
only. If the failures had been included the total for each fork 
would have been 800. The low total of 584 for fork 768 is 
due to the fact that this fork was not available for Series B of 
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Experiment I. The last column (Rel. Fr.) gives the relative 
frequency of the vowels in per cent. Only six vowels have a 
frequency greater than ten per cent and these are selected as 
the more important classes. In Table IVa those vowels hav- 
ing a frequency of less than ten per cent are grouped together 
with those of the six important vowels to which they seem to 
belong. This gives the six groups of vowels shown in the 
first column. Each of these groups has a frequency that is 
large enough to determine the approximate vibration rate 
where the maximum frequency for a given vowel group lies. 

CURVES IV 

Combination of Experiments I, II, III. Showing Frequencies of the 

Vowel Groups at the Different Vibration Rates as Taken From 

Table IVa. 




Curves IV. The curve of the u-group shows its maximum 
very decidedly at the fork 128. For the 6-group no decided 
maximum appears although its position is probably between 
256 and 384 vibrations. The a-group has a decided maximum 
at 384 and the drop on either side seems to justify the assump- 
tion that its highest frequency is more toward the higher forks 
than the 6-group curve. The e-group curve is somewhat am- 
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biguous but in the reverse sense of the 6-group, its maximum 
seeming to lie between 512 and 896. The ai-group curve is 
similar to the I-group; the maximum is at the highest fork 
used in the series, but shows evidence of having reached its 
highest frequency. For the I-group the maximum is also with 
the highest fork but the slope of the curve at this work indi- 
cates that the point of highest frequency has not been reached. 
A general consideration of the curves substantiates the 
statement made by Titchener (8) that the lower tones have a 
definite ii-character and the higher tones a definite i-character. 

V. The Consistency Between Vowels 

The consistency in making the discriminations in these ex- 
periments approaches two limits: 

1. When the consistency is least a subject will assign any 
vowel taken at random from his repertory of vowels every 
time he is asked to report the vowel character of any tone. 

2. When the consistency is greatest a subject will assign 
the same yowel to the same fork every time it is presented. 

The consistency may be measured by squaring the number 
of times a given vowel is assigned to a given fork. Thus if 
out of ten trials with fork 128 a subject reports ' u ' five times, 
' o ' two times, and ' um ' three times, the sum of the squares 
of the frequencies (5, 2, 3) is 25 4- 4 -j- 9 = 38. The number 
38 measures the consistency. 

If the subject had reported only a single vowel for all ten 
times, this would give a frequency of 10 for one vowel and 
the sum of the squares (since there is only one vowel) is 
10 2 = 100. The value 100 represents the upper limit or maxi- 
mum degree of consistency. 

If the subject assigns ten different vowels, each vowel can 
occur only once and the sum of the squares is 10 X l 2 = 10. 
This represents the lower limit or minimum degree of con- 
sistency. 

To make the measure of the consistency independent of the 
number of trials, the sum of the frequencies of the vowels 
squared, is divided by the square of the number of trials. By 
doing this the maximum consistency becomes 1.00 no matter 
how many trials are given, but the minimum will depend upon 
the number of trials. 5 Since the vowels available are relatively 

5 The consistency (C) is algebraically expressed as follows: Let T 
represent the number of times a given fork is presented, and b + d 
the number of times each vowel is assigned. Then C ■= (b* + <P) 
/ V. 
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few and both groups used the same vowels we can regard the 
minimum consistency as equal for both groups of subjects. For 
this we have selected T = 10 which gives the minimum con- 
sistency of .10. 

Since there were only two series in Experiment I the con- 
sistency was not calculated. 

CURVES V 

Individual Differences Between Subjects as Measured bt the 

Consistency of the Vowel Discriminations— Subjects Arranged 

in Order of Merit 



.» 

,80 
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20 



Curves V. The dotted horizontal lines indicate the maxi- 
mum and minimum limits of consistency. Each small circle 
on the intermediate curves represents one subject, and these 
have been arranged according to their degree of consistency. 
The vertical coordinate represents the average consistency for 
all the forks. 

Considering the curve for the teachers, we find it relatively 
flat and that it does not indicate great individual variations. 
The median is at about 28 and this means that on the average 

If the same vowel is assigned each time (b' + <P) = T* and C 
= T* / T* = I. oo, tiie maximum consistency. _ 

If a different vowel is assigned each time (b + d) = T or C — 
T I T* the minimum consistency. 
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each subject assigned about three different vowels to each 
fork For the laboratory students the median is at 40 indi- 
cating that on the average two different vowels were assigned 
to each fork. Out of a possible thirteen vowels actually used 
this represents a fair degree of reliability in making vocality 
judgments. If only the vowel groups indicated in Curves IV 
had been used in the measurement of the consistency it would 
have been more than twice as great and the curves would lie 
about half-way between the maximum and minimum limits. 

The individual differences between subjects conform to the 
usual results of those psychological experiments in which there 
is a gradual transition from one degree into another as for in- 
stance in auditory acuity. There is no evidence of a tendency 
toward a separation into two classes as into musical and non- 
musical subjects. 

VI. Effect of Practice on the Consistency 

In the Series B of Experiment I the consistency is much 
greater than for the Series A. The question arises what is 
the effect of practice upon the variability of the discrimina- 
tions? In Curves VI the consistency for three subjects from 

CURVES VI 

Practice Effect in Vowel Discrimination— Three Subjects From 

the Laboratory Class— The Consistency is Calculated After 

Every Five Series 
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Experiment II was calculated for successive groups of five 
series each. The curve marked ' highest ' represents the sub- 
ject whose average consistency for the twenty-five series was 
greatest. The 'median' curve represents the subject who stood 
intermediate, and the ' lowest ' curve represents the subject 
whose discriminations varied the most. 

The curve for the ' highest ' subject shows a gradual in- 
crease in the uniformity with each succeeding group of five 
series. The rise is not marked and signifies that a high degree 
of consistency had already been reached after the fifth series. 
For the ' median ' subject there is a slight oscillation which 
probably implies that the consistency is no longer a function 
of training or practice after the first five series. This is more 
clearly shown by the ' lowest ' subject whose curve shows even 
a slight drop between the fifth and twenty-fifth series. 

The curves seem to indicate that the ability to discriminate 
vowels in tuning fork tones reaches a constant level after less 
than five series or after fifty discriminations. This of course 
does not mean that the maximum acuity has been attained. It 
merely indicates that the subject has isolated the vocality 
factor and that he is not confusing it with pitch, intensity, 
etc. 

VII. The Consistency Between Vocality and Vibration 

Rates 

The preceding topic indicated the individual differences be- 
tween subjects. In Curves VII the individual differences of 
the forks, so to speak, are shown. The nearer a point on the 
curve approaches the dotted line indicating the minimum con- 
sistency the greater is the number of vowels assigned to it. 
To show the octave intervals as equal, the base line has been 
spaced in the logarithms of the vibration rates, although for 
easy reading the absolute vibration rates are given. 

The curves clearly reveal that the forks in the middle region 
are more variable than the extremes. This is the opposite of 
pitch relationship or tonality which shows finer discriminations 
in the middle regions. The average consistency for the forks 
is indicated by the dotted curve. In consideration of the fact 
that these curves are based upon thirteen vowels, the degree 
of consistency is rather high. If only the vowel groups had 
been taken the curves would have been shifted upward to a 
median position between the limiting degrees of consistency 
and this would imply that on the average not more than two 
vowel groups would be reported for any one fork. 
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Relation Between Vibration Rate and Number of Vowels Discrim- 
inated—Subjects From Experiments II and III 
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VIII. Comparison with the Work of Koehler 

In comparing the results of our experiments with those 
secured by Koehler it is necessary to allow for the different 
conditions under which the data was secured. Our compari- 
son curve is a combination of three separate experiments. 
Koehler's curve is the result of theoretical deductions drawn 
from his own experiments and various other sources. Along 
the base of the Curves VIII the vibration rates of the forks 
are shown, spaced in logarithms. 

The dotted oblique lines represent Koehler's theoretical 
assumptions on the principle that each vowel has a maximum 
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frequency at some absolute vibration rate, with the frequency 
receding on either side until at the adjacent octaves its fre- 
quency is zero. These adjacent octaves however are the max- 
ima for other vowels. Thus Koehler gives the vowel u (soon) 
at 265 ; that is the vowel character of a pure tone of 265 vibra- 
tions is u (soon) and under ideal conditions this vibration 
rate would be characterized as u (soon) in 100 per cent of the 
judgments. As the vibration rate is increased, the subjects 
would characterize the tone as u with a trace of 6. A further 
increase in the vibration rate would make the o component 
stronger until a rate is reached at which the vocality resem- 
bles u and 6. If at this vibration rate, which is indicated 
by the points at which the oblique lines cross, a number of 
•subjects are required to report which of the two vowels ii or 6 
the tone most resembles, half of the subjects would report u 
and half would report 6. 

As the vibration rates are increased from this point the 6 
component becomes stronger until at 526 there would be 100 
per cent 6 judgments. In the same manner, as the vibration 
rate is decreased from 265 the vowel character approaches 
um (hum) until at 132 we have 100 per cent um judgments 
but none of u. Whether or not the maxima should be con- 
nected with the respective minima by straight lines, Koehler 
leaves open for the present. 

CURVES VIII 

Comparison of the Experimental Results With Koehler's Theo- 
retical Assumptions— Base Line is Spaced in the Logarithms 
of the Vibration Rates 
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In order to combine the results of our experiments into a 
single curve upon which all the vowels are represented, rather 
than drawing a confusing nest of curves showing each of the 
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forks separately, we have retained only the maximal points 
of the separate vowels. For the intermediate forks we have 
taken from Table IVa the average of both the percentages 
involved. For instance, the maximum for the fl-group is at 
fork 128 and the per cent is 70; the similar fork for the 
6-group is 320 and the per cent is 22; at the intermediate 
vibration 256 the per cent for the u-group is 39 and for the 
o-group 23. The average of 23 and 39 is 31 which is the 
value we have selected for our experimental curve at 256. For 
all the other forks, which were not themselves the maximum 
for a vowel group, the same method was adopted. 

Whenever untrained subjects or general class experiments 
are used, there is usually a masking of those effects that would 
be revealed by more intensive methods. This masking may be 
so complete as to be a virtual obliteration. If however there 
are relative maxima and minima shown in the graphical repre- 
sentation of the qualitative results these should coincide more 
or less closely with the quantitative experiments just as the 
relative maxima and minima of the quantitative experiments 
should coincide with the theoretical limits of ideal conditions 
if the theory represents the facts. 

From the experimental curve it will be seen immediately 
that there is only one decided maximum at u (soon) and a 
less distinct one at I (see). Our u coincides with Koehler's m, 
but none of the other vowels correspond with Koehler's nor 
is there any evidence of symmetry in their distribution. By 
shifting our curve to the right one octave all of our vowels 
are brought within Koehler's octaves. But whether this 
rather strenuous stretching is justified by the difference in 
language habits (English as compared with German) will re- 
main doubtful until this factor is itself made the basis of a 
special study. 

IX. Discussion of Vocality 

Relation between Vocality and Vowels. Perhaps the strik- 
ing thing in making vocality discriminations is the fact that 
the fork tones do not sound like the vowels used in language 
but yet may be said to resemble them so closely that consistent 
judgments are soon made upon this basis. 

Meyer regards the vocality as a continuous series limited 
on the one hand by the degree of mellowness of the lowest 
tones and on the other by the degree of shrillness of the 
highest tones; following this conception we may regard the 
vocality of the intermediate vibrations as varying combina- 
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tions of mellowness and shrillness. However to ask a subject 
to differentiate degrees of mellowness and shrillness directly, 
does not result in consistent reactions nearly so rapidly as when 
he is asked to discriminate the vowel character. Obviously 
this can only mean that the subject is not so familiar with the 
terms mellowness and shrillness as he is with the vowels of 
language. 

Conventionalized Vocality Combinations. The vowels may 
be regarded as special names that have been given to those 
combinations of mellowness and shrillness that have been con- 
ventionalized into language elements. The vowel in actual 
speech is an auditory complex and its particular combination 
of mellowness and shrillness is only one of the components — 
that component however from which the vowel gets its name. 
There are of course many more combinations of mellowness 
and shrillness than manifest themselves in the vowels of any 
one language, but in speech an infinite number of vowels 
would be confusing and unnecessary. A dozen vowels meet 
the practical requirements of any one language. Convention 
and usage have determined which of the combinations shall 
be selected and the use of these has developed a degree of 
facility in their discrimination which gives them a predomi- 
nance over all other possible combinations of mellowness and 
shrillness that are not used in language. The relative distinct- 
ness between vowels is thus merely an expression of the fact 
that we have selected and conventionalized those combina- 
tions which were most easily discriminated. 

If the experimental conditions are such that the subject is 
asked to discriminate combinations of mellowness and shrill- 
ness that have not become conventionalized through their be- 
ing a component of the language vowels, he describes them by 
the nearest of the conventionalized combinations (one of the 
vowels in his particular language) to which he already has 
learned to react. We might expect further that the vowels 
are rather closely related to absolute vibration rates because 
on the whole the range of the average human voice is rather 
restricted. 

The Intervals in Vocality. The octave relationship which 
seems to exist between vowels may be regarded as a manifes- 
tation of the Weber-Fechner law. If a continuous physical 
series such as the frequencies of sound waves is to be divided 
into definite sensorial steps such as the vowels, the division 
will occur in equal logarithmic intervals rather than in equal 
absolute vibration intervals because the logarithmic intervals 
will give sensorial steps in which the dissimilarity between 
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adjacent steps is equal and greatest. That is, the equal logar- 
ithmic steps would become conventionalized rather than would 
the equal absolute vibration steps. This of course, would give 
a kind of an octave relationship for the given language. In 
other languages the apparent octave relationship may be based 
upon entirely different combinations of mellowness and shrill- 
ness. From the vowels and semi-vowels of all languages we 
might be able to construct a practically continuous series of all 
possible combinations of mellowness and shrillness. 

Definition of Vocality. In the interest of uniformity in 
terminology the following definition or description of vocality 
is suggested: 

Vocality is that attribute of auditory sensation which is de- 
scribed by the vowel and semi-vowel character of tones and 
noises. It may be regarded as a continuous series ranging 
from the degree of mellowness of the vibration rates at the 
lower limit of hearing to the degree of shrillness of the vibra- 
tion rates at the upper limit. Various combinations of mellow- 
ness and shrillness manifest themselves as a resemblance to 
the vowel and semi-vowel sound: m (hum), u (soon), 
6 (fold), a (far), e (they), I (see), s, f, h, of which m is the 
mellowest and h [pronounced as the ch in ioch (Scotch) or 
mkh (German)] is the shrillest. 

This definition or description is eclectic and is derived from 
suggestions of Stumpf, Meyer, Koehler and Titchener. If 
all investigators could agree to call this one property vocality 
and nothing else, and if they would exercise some restraint in 
the coining of new terms until they had assured themselves 
that they were describing a form of discrimination that had 
not been made by others, greater uniformity in terminology 
would result. If for instance, it is impossible to discriminate 
between two attributes of sensation then we have only one 
attribute and there is no advantage in giving this attribute two 
or more different names. If brightness (Helligkeit) cannot be 
discriminated from shrillness, then there is no difference be- 
tween brightness and shrillness and one of the terms is suffi- 
cient. Which of the two terms will be adopted is of course 
immaterial. Priority in use is the simplest criterion. 

X Summary and Conclusions 

The problem was to determine, 

A. How consistently relatively untrained subjects could dis- 
criminate the vocality or vowel character of tuning forks rang- 
ing from 128 to 1152 vibrations. 
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B. Whether the term vocality or vowel character is a suit- 
able one to describe an attributive or cognitive fact of audition. 

A. Consistency of Vocality Discrimination 

From experiments with the elementary students (I)' we 
find even with only a single series that the u (soon) character 
is predominant for the lower forks and the i (see) character is 
predominant for the higher forks. The intermediate vowel 
classes, 6 (fold), a (far), e (they), do not seem to have domi- 
nant positions at any particular vibration rate; but there is 
no question that they occur as a series without the possibility 
of interchanging their relative positions. 

The results from the experiments with the laboratory 
students (II) show the same thing but in a more orderly man- 
ner. The discriminations of the teachers for the deaf (III) 
approach the results of the more specifically trained laboratory 
students (II) as well as might be expected when we consider 
the larger number of vowels used. 

When the findings of all the experiments are combined (IV) 
and the vowels are reduced to six groups, each group has a 
relative frequency (Table IVa) which makes it probable that 
the group of vowels are associated in an orderly manner with 
corresponding vibration rates, but our experiments do not ex- 
hibit an octave or interval relationship (VIII). 

There is no evidence of marked individual variation (V) 
between subjects in their general ability to discriminate vocality 
such as is supposed to exist between musical and non-musical 
subjects. A high degree of consistency is reached after rela- 
tively few vowel discriminations. For the elementary students 
(I) a marked improvement is shown after only one series. For 
the laboratory students (VII) the degree of consistency at the 
end of the fifth series (a total of fifty single discriminations) 
has practically reached the limit that is reached after 250 dis- 
criminations. The consistency of the vowel discriminations 
for the different forks (VI) is highest for the extremes and 
lowest for the intermediate forks. 

B. The Term Vocality 

From the rapidity with which the discriminations of vowel 
character become consistent (I, VI) it seems evident that 
when a subject is asked to discriminate the vowel character 
of a fork tone, the reaction is one that is already well estab- 

• The roman numerals in parentheses refer to the headings from 
•which the conclusions are derived. 
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lisbed by the ordinary (speech) habits of the individual. Prac- 
tice (I, VII) improves the vocality discriminations so rapidly 
that no extended demonstrations are necessary to bring out 
the meaning of the term. 

Improvement in the discrimination occurs spontaneously 
(III) and manifests itself by the addition to the vocality series 
of those vowels which are formed by lengthening or shortening 
the vowel sounds. Even when the discriminations become 
consistent the subjects (II) still report that while two tones of 
different vibration rates may be classed as resembling the same 
vowel there is still a difference between them which can be 
described as an admixture of another vowel sound but. the 
degree of admixture rcannot be reported with a high degree of 
consistency. 

As a definition or description of the term vocality (IX) the 
following is suggested 

Vocality is that attribute of auditory sensation which is de- 
scribed by the vowel and semi-voweL character of tones and 
noises. It may be regarded as a continuous series ranging 
from the degree of mellowness of the vibration rates at the 
lower limit of hearing to the degree of shrillness of the vibra- 
tion rates at the upper limit. Various combinations of mel- 
lowness and shrillness manifest themslves as a resemblance 
to the vowel and semi-vowel sounds: m (hum), fl (soon), 
6 (fold), a. (far), e (they), i (see), s, f, h, of which m is the 
mellowest and h, pronounced as tbe ch in loch (Scotch) or 
mich (German) is the shrillest. 
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